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As células dendríticas plasmacitóides (pDCs) são um subtipo de Células 
Dendríticas que quando estimuladas podem produzir mediadores pro-
inflamatórios e IFNs do tipo I. Estas células desempenham um papel 
importante em doenças autoimunes como o lúpus sistémico eritematoso, uma 
vez que podem ser ativadas por imunocomplexos formados por DNA do 
próprio, que desencadeia uma resposta de IFNs do tipo I através da via de 
sinalização do TLR-9. Aqui, otimizamos a ativação das células CAL-1, uma 
linha celular de pDCs, com imunocomplexos de DNA nuclear ou mitocondrial 
do próprio com o péptido antimicrobiano LL37, em paralelo com a estimulação 
com CpG-A. Descobrimos que elevadas concentrações de LL37 reduzem a 
viabilidade celular das CAL-1. O próprio DNA-LL37 despoletam a expressão de 
IFN-α e IFN-β nas células CAL-1, sem induzir a expressão de TNF-α, tal como 
em pDCs primárias. As concentrações ideais de DNA e LL37 nos complexos 
que levam a uma forte ativação das CAL-1 são 0.2µg/ml e 10µg/ml, 
respetivamente. Também descobrimos que as células CAL-1 estimuladas com 
imunocomplexos de DNA nuclear do próprio, mas não de DNA mitocondrial do 
próprio, foram capazes de secretar a citocina pro-inflamatória IL-1β. A análise 
imunocitoquímica revelou que os endossomas iniciais e o TLR-9 são 
recrutados após ativação por 30-60minutos com imunocomplexos. Assim, este 



























pDCs, CAL-1 cell line, immune complexes, self-DNA, innate activation. 
abstract 
 
Plasmacytoid dendritic cells (pDCs) are a subset of Dendritic Cells that when 
stimulated can produce pro-inflammatory mediators and type I IFNs. These 
cells play an important role in autoimmune disease such as systemic lupus 
erythematosus, as they can become activated by immune complexes formed 
with self-DNA, which trigger a type I IFN response through the TLR-9 signaling 
pathway. Here, we optimized activation of CAL-1 cells, a human pDC cell line, 
with immunocomplexes of self-nuclear or mitochondrial DNA with the 
antimicrobial peptide LL37. It was found that high concentrations of LL37 led to 
a reduced CAL-1 cell viability.  Self-DNA-LL37 triggered expression of IFN-α 
and IFN-β in CAL-1 cells, without inducing expression of TNF-α, as in primary 
pDCs. The concentrations of DNA and LL37 in the complexes leading to a 
stronger CAL-1 activation were 0.2µg/ml and 10µg/ml, respectively.  We also 
found that CAL-1 cells stimulated with immune complexes with self-nuclear 
DNA, but not self-mitochondrial DNA, were capable of secreting the pro-
inflammatory cytokine IL-1β. Immunocytochemistry analysis revealed that early 
endosomes and TLR-9 were recruited 30-60 minutes upon activation with 
immune complexes. Thus, this work established CAL-1 cells as a cell model for 































































































































































































































































































and	 CD4+	 T	 cells	 (4,7–9).	 However,	 they	 appear	 to	 be	 much	 less	 potent	 APCs	 compared	 to	
conventional	DCs	(cDCs)	in	stimulating	T	cells	(4,8).	pDCs	do	not	always	stimulate	naive	T	cells	but	



































pDCs	 show	 heterogeneous	 expression	 of	 several	 genes,	 suggesting	 a	 certain	 degree	 of	
developmental	and/or	functional	heterogeneity	(15).	Thus,	pDCs	may	not	represent	a	homogenous	
population,	but	rather	subpopulations	with	distinct	functions	(4).	Accordingly,	CD2	distinguishes	two	
human	pDC	 subsets,	where	CD2hi	 pDCs	 expresses	 lysozyme	and	displays	 cytolytic	 capacity,	while	
CD2low	do	not	(29).	More,	blood-derived	pDCs	can	be	subdivided	into	two	different	subsets	-	pDC1	
and	pDC2.	These	subsets	differ	in	their	phenotype	and	in	their	capacity	to	induce	pro-inflammatory	


























rapidly	 degraded	 in	 the	 extracellular	 environment	 and	 fail	 to	 access	 endosomal	 compartments	





route	of	 infection,	and	 the	 requirement	of	pDCs	 for	antiviral	defense	during	 local	 infections	only	
exists	if	other	defense	mechanisms	are	broken	(36).	However,	chronic	pDC	activation	can	be	seen	in	
the	absence	of	infection	and	may	result	in	autoimmune	diseases.	In	those	cases,	pDCs	can	sense	self-
DNA	 released	 from	dying	 cells	 or	 in	 neutrophil	 extracellular	 traps	 complexed	 to	 an	 antimicrobial	
peptide	 LL37	 in	 autoimmune	 diseases	 (37).	 Here,	 pDCs	 have	 been	 implicated	 in	 pathologies	
characterized	by	a	type	I	IFN	signature,	such	as	systemic	lupus	erythematosus	(SLE),	atherosclerosis,	
and	psoriasis	 (6,8,15,20).	Despite	 the	pathological	 role	of	pDCs	 in	autoimmune	skin	diseases,	 the	




	 SLE	 is	 the	 second	 most	 common	 autoimmune	 disease	 characterized	 by	 breakdown	 of	
tolerance	to	nuclear	antigens	and	immunocomplexes	(IC)	deposition	in	tissues	(39).	Those	complexes	
contain	autoantibodies	to	nuclear	‘autoantigens’,	nucleic	acid	and	associated	proteins,	being	formed	
in	 circulation	 and	 then	 deposited	 in	 tissues	 causing	 inflammation	 (40,41).	 SLE	 involves	 multiple	
organs,	such	as	skin	and	blood	vessels	(39).	Patients	have	reduced	numbers	of	circulating	pDCs,	but	



















activation	 of	 DC	 subsets	 in	 dermal	 compartments,	 leading	 to	 the	 downstream	 T-cell-mediated	
autoimmune	cascade	and	the	excessive	production	of	AMPs	and	proteins	by	keratinocytes	(47).	pDCs	
appears	 to	 have	 a	 central	 role	 in	 this	 process	 since	 are	 present	 in	 lesional	 skin	 as	 the	 result	 of	







(50).	 Besides	 monocytes,	 macrophages	 and	 T	 cells,	 also	 pDCs	 can	 be	 detected	 within	 human	
atherosclerotic	lesions	(51).	pDCs	were	found	to	co-localize	with	T	cells	in	atherosclerotic	plaques,	
supporting	 the	 atherosclerosis	 progression	 by	 production	 of	 IFN-α	 (20).	 pDCs	 activation	 also	
promotes	 unspecific	 amplification	 of	 humoral	 immune	 responses	 to	 antigens	 in	 atherosclerosis,	
specifically	 by	 production	 of	 dsDNA	 antibodies	 in	 early	 atherosclerosis.	 IFN-α	 expression	 prime	
reciprocally	NETs	release	from	neutrophils,	driving	positive	feedback	and	amplification,	supporting	








in	 atherosclerotic	 lesions,	 and	 it	 seems	 to	 correlate	 with	 plaque	 progression	 in	 human	
atherosclerosis	(37).			










Upon	 activation,	 pDCs	 secrete	 high	 amounts	 of	 cytokines,	 such	 as	 IFN-α	 and	 IFN-β	 (55),	
inducing	innate	immunity	initiation.	Cells	of	the	innate	immune	system	sense	common	pathogen-




















on	 cells,	 as	 they	 can	 induce	 an	 antiviral	 state,	 inhibit	 cell	 proliferation,	 modulate	 cell	 fate	















of	 B	 cells	 into	 immunoglobulin-secreting	 plasma	 cells	 and	 instruct	 plasma	 cells	 to	 preferentially	
secrete	 IgG	 rather	 than	 IgM	 (52).	More,	 type	 I	 IFNs	 and	 IL-12	 promote	multiple	 T	 cell	 functions	
including	long-term	T-cell	survival,	memory,	CD8+	T-cell	cytolytic	activity	(67),	IFN-γ	production	and	
increase	NK	cell-mediated	cytotoxicity	 (68).	By	producing	chemokines,	pDCs	can	attract	activated	

















bind	 the	 adaptor	 apoptosis-associated	 protein,	 inducing	 the	 autocleavage	 of	 caspase-1	 and	
production	 of	 IL-1-like	 cytokines.	 This	 leads	 to	 high	 concentrations	 of	 proinflammatory	
inflammasome-related	cytokine,	such	as	IL-1α/β	and	IL-18	(74,77).		





tissues	 and	exacerbate	pathologies	with	 an	 inflammatory	 component	 (74),	 such	as	psoriasis	 that	
increases	the	caspase-1	activity,	suggesting	inflammasome	activation	(79).		
TLR	recognition	of	ligands	culminates	in	downstream	secretion	of	chemokines	and	cytokines,	
such	 as	 IL-1β	 pro-form	 (74).	 Additionally,	 a	 synergy	 seems	 to	 exist	 between	 type	 I	 IFN	 and	 TNF	










Production	 of	 type	 I	 IFNs	 by	 pDCs	 occurs	 after	 TLR-7/-9	 triggering	 (28)	 augmenting	 the	














endosomal	 compartments	 and	 detect	 nucleic	 acids	 derived	 from	 viruses,	 bacteria,	 or	 dead	 cells.	
Engagement	of	TLR-7	and	-9	with	their	 ligands	(RNA	or	DNA,	respectively)	 triggers	a	downstream	
signaling	cascade	(28).	TLR-9	senses	double-stranded	(ds)	DNA	viral	genomes	rich	in	unmethylated	
CpG	 sequences	 or	 phosphodiester	 backbone	 in	 natural	 DNA,	 as	 well	 as	 synthetic	 CpG	
oligodeoxyribonucleotides	 (CpG	ODN).	 TLR-7	 detects	 viral	 single-stranded	 (ss)	 RNA	 and	 synthetic	
oligoribonucleotides	 (ORN),	 that	 includes	 uridine-rich	 ssRNA,	 synthetic	 imidazoquinolines	 and	
guanosine	analogues	(11,17,34).	
TLR-9	 and	 TLR-7	 are	 synthesized	 in	 the	 endoplasmic	 reticulum	 and	 transported	 into	





endosomes	 containing	 active	 TLR-9	 and	 TLR-7	 requires	 a	 tight	 spatiotemporal	 regulation	 of	
membrane	 trafficking	 (84).	 Such	 regulation	 can	be	observed	 for	 TLR-7	 and	TLR-9	upon	microbial	
activation,	 as	 they	 travel	 to	 the	 endosomes	 to	 become	 proteolytically	 activated	 (17,28,30).	
Spatiotemporal	 regulation	 is	 critical	 for	a	high-level	 IFN	 induction	 in	 response	 to	TLR-9	activation	
(84),	 given	 that	 the	 recognition	of	 nucleic	 acids	by	endosomal	 TLRs	 requires	 the	maturation	and	
acidification	 of	 the	 endosomes	 (19).	 For	 this,	 the	 IFN-inducing	 TLR-9	 ligand	 is	 retained	 for	 long	
periods	in	the	endosomal	vesicles	of	pDCs	(84).	There	are	several	chaperone	proteins	involved	in	TLR	
egress	 control	 from	 ER.	 For	 example,	 the	multi-transmembrane	 endoplasmic	 reticulum	 resident	
protein	UNC93B.	This	protein	specifically	interacts	with	the	transmembrane	domains	of	TLR-7	and	




















There	are	 some	 synthetic	ODNs	expressing	CpG	motifs	 that	 are	able	 to	 trigger	 an	 innate	
immune	 response	 via	 TLR-9	 (98).	 Activation	 of	 human	 pDCs	 with	 CpG	 ODNs	 is	 well-established	
(99,100),	being	the	major	effectors	of	this	response	(73).	CpG	ODNs	can	be	divided	in	two	structurally	
distinct	classes	that	activate	pDCs:	CpG-A	(known	as	“D”	ODNs)	that	induce	the	secretion	of	IFN-α	by	
pDCs	 that	 then	activate	NK	cells,	which	stimulate	 IFN-γ	production;	and	CpG-B	 (also	 referred	“K”	
ODNs),	 that	 triggers	 the	production	of	 TNF-α	and	 IL-6,	 inducing	B-cell	 proliferation	and	antibody	
production	(98,101).	These	studies	suggest	that	pDCs	may	have	developed	two	different	signaling	
mechanisms	to	respond	to	different	types	of	CpG	ODN.	CpG	binds	to	the	cell	surface,	enters	the	cell	
by	means	of	clathrin-dependent	pathways	and	 is	recognized	by	TLR-9	 located	 in	the	endoplasmic	
reticulum	and	endosomal	compartments.	TLR-9	responds	to	different	types	of	ODNs,	which	is	in	part	
dependent	 on	 sequence	 motifs	 and	 secondary	 structures	 (102).	 Here,	 CpG-B	 are	 linear	 single-



































4	 (IRAK4),	 TNF	 receptor-associated	 factor	 6	 (TRAF6),	 Bruton’s	 tyrosine	 kinase	 (BTK)	 and	 IRF7	 (17).	 Here,	 IRF7	 is	 activated	

















host-derived	 self-DNA	 that	 typically	 is	 released	 into	 the	 extracellular	 environment	by	dying	 cells.	

















leucine	 residues,	 not	 containing	 any	 cysteine	 residues.	 This	 is	 the	 only	 known	 human	 cathelin-
associated	antimicrobial	peptide	and	belongs	to	the	class	of	α-helical	AMPs	(110,111).	This	peptide	
has	been	shown	to	be	secreted	by	multiple	cell	types	(111),		being	first	described	in	leukocytes	and	










the	 mature	 (biological	 active)	 37-amino-acid	 AMP	 by	 serine	 proteases.	 However,	 LL37	 is	 not	
expressed	by	healthy	skin	keratinocytes,	but	only	following	skin	injury	(48).	
Crucially,	 LL37	mediates	 pDCs	 activation	 by	 converting	 self-DNA	 into	 structures	 that	 are	
sequestered	in	endosomal	compartments	where	they	trigger	type	I	 IFN	production	through	TLR-9	
(48),	as	shown	in	autoimmune	diseases	(37).	LL37	is	able	to	form	complexes	with	self-DNA,	enabling	
efficient	 internalization	 of	DNA	 to	mammalian	 cells,	 by	 binding	DNA	 via	 nonspecific	 electrostatic	
interactions	(109).	Within	these	complexes,	LL37	protects	DNA	from	endonucleases	and	facilitates	
the	delivery	of	nucleic	acids	into	the	endosomal	and	cytosolic	compartments	(109,112).	The	degree	
of	 IFN-α	 production	 may	 be	 modulated	 by	 the	 efficiency	 of	 endosomal	 access.	 Also,	
immunocomplexes	 can	 cross-link	 multiple	 TLR-9	 receptors,	 leading	 to	 receptor	 recruitment	 and	
amplification	of	the	immune	response	(56).		
As	a	complex,	LL37	and	DNA	together	can	trigger	an	over	and	continuous	IFN	response	in	





of	 TLR-9.	 This	 process	 involves	 the	 attachment	 of	 LL-37	 to	 proteoglycans	 in	 the	 cell	 membrane	
followed	 by	 lipid-raft	 mediated	 endocytosis,	 an	 entry	 mechanism	 described	 for	 certain	 viruses.	
Finally,	LL-37	retains	the	DNA	complex	in	early	endocytic	compartments	of	pDCs,	perhaps	modifying	
them	in	the	process,	to	specifically	sustain	the	TLR-9-mediated	IFN	response.	Thereby,	LL-37	breaks	















have	 a	 columnar	 structure	 with	 a	 relatively	 large	 inter-DNA	 spacing	 (a=3.40	 nm)	 (56).	 Recent	









after	 inflammatory	 cytokine	 stimulation	 (114).	 In	 addition,	 in	 SLE,	 self-DNA–LL37	 complexes	 are	
released	 by	 dying	 neutrophils	 undergoing	 NETosis,	 a	 cell	 death	 process	 in	 which	 activated	
neutrophils	extrude	nuclear	DNA	into	the	extracellular	space	in	the	form	of	NETs.	NETs	may	serve	as	
a	source	of	autoantigen	and	LL37,	promoting	aggregation	and	stimulation	of	IFN-α	by	pDCs	(115).	
This	 raises	 the	possibility	 that	HMGB1	may	contribute	to	autoimmune	disorders	characterized	by	
type	 I	 IFNs,	 through	 a	 mechanism	 dependent	 on	 MyD88–TLR-9	 pathway	 and	 RAGE.	 Moreover,	





adaptive	 immune	 system	 (75)	 and	 seems	 to	 induce	 inflammasome	 formation,	 in	 a	 process	
independent	of	TLRs	and	IRFs	(116).	The	self-DNA	present	in	keratinocytes	in	psoriatic	lesions	was	
also	found	to	have	pro-inflammatory	response	induction	and	to	triggers	IL-1β	secretion	through	the	



























(53).	mtDNA	contains	 similar	unmethylated	CpG	 repeats	 to	bacterial	DNA,	 leading	 to	augmented	
secretion	of	IFN-α	with	LL37-mtDNA	in	comparison	to	LL37-nDNA.	Thus,	the	LL37-mtDNA	complex	
might	 display	 stronger	 inflammatogenic	 properties	 than	 LL37-nDNA	 and	 might	 be	 highly	
inflammatory	in	vivo	(53,54).	LL37-mtDNA	complex	was	retained	in	the	loading	wells,	suggesting	that	
LL37-mtDNA	complex	is	resistant	to	DNase	II	digestion.	mtDNA	alone	could	be	easily	degraded,	which	
imply	 that	 LL37	protects	mtDNA	 from	degradation.	More,	 LL37-mtDNA	stimulation	 increased	 the	
number	of	TLR-9-positive	endosome,	triggering	activation	of	TLR-9	and	secretion	of	chemokines	and	
cytokines.	This	leads	to	an	exacerbate	inflammation	by	stimulating	IFN-α	production	in	pDCs	(53).	
mtDNA	 is	 susceptible	 to	 oxidation,	 a	 proinflammatory	modification	 detected	 in	 SLE	 sera.	
LL37	 complexed	 with	 oxidized	 mtDNA	 (Ox-mtDNA)	 enables	 their	 uptake,	 resulting	 in	 a	 10-fold	


























endoplasmic	 reticulum	 (RER)	 but	 no	 Russell	 bodies.	 These	 results	 are	 similar	 when	 the	 authors	










































with	 LL37-self	 DNA	 complexes.	 For	 activation,	 we	 will	 optimize	 the	 concentration	 of	 both	 LL37	
peptide	and	DNA,	as	well	as	evaluate	activation	and	the	subsequently	early	endosome	and	TLR-9	


















































































Sodium	 Pyruvate	 (Gibco,	 USA)	 and	 Non-essencial	 Aminoacids	 1x	 (Gibco,	 USA)	 (73).	 Cells	 were	
cultured	 at	 37°C	 in	 CO2	 in	 an	 air	 incubator	 and	 plated	 every	 two	 days	 to	 a	 cell	 density	 of	
0.3x106cells/ml.	Different	 sera	batch	 from	different	 suppliers	were	 tested,	namely	 Sigma	 (F7524,	

















resuspended	 in	200μl	Buffer	NT1.	 Then,	25μl	 Proteinase	K	 solution	and	200μl	of	Buffer	NL	were	
added	and	mixed	thoroughly	by	vortexing,	and	incubated	at	56°C	for	15minutes	(the	vortex	was	used	
occasionally	during	the	incubation).	Next,	210μl	of	100%	ethanol	was	added	to	the	sample	and	mixed	
immediately	 by	 vortex.	 The	mixture	was	 transfer	 into	 a	 NZYSpin	 Tissue	 Column	 placed	 in	 a	 2ml	










28ml	of	 100%	molecular	 biology	 grade	ethanol	 to	 each	bottle	 of	 buffer	NW2)	was	 added	 to	 the	
column	and	centrifuged	again	for	1minute	at	11000g,	then	discarding	the	flow-through	and	placing	





To	 isolate	 mtDNA,	 cells	 were	 expanded	 to	 obtain	 a	 final	 number	 of	 108cells	 and	 then	
submitted	to	differential	centrifugation.	A	pellet	of	108cells	was	first	collected	by	centrifugation	at	
300g	 for	 6minutes.	 The	 supernatant	was	 discarded	 and	 the	 pellet	was	washed	 2x	with	 PBS	 and	
centrifuged	at	300g	for	6minutes	to	obtain	a	clean	cell	pellet.	Then,	the	pellet	was	resuspended	in	












	 Immunocomplexes	 of	 nDNA	 with	 LL37	 peptide	 (InvivoGen,	 USA)	
(LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES-C’)	were	thus	prepared	to	test	the	best	concentration	




To	test	 the	best	quantity	of	nDNA	and	mtDNA	to	use	 in	the	 immunocomplexes,	different	














supplemented	 with	 1%	 of	 heat-inactivated	 FBS	 (119).	 To	 test	 activation,	 cells	 were	 washed	 by	
centrifugation	at	1200rpm	(~300g)	for	6minutes	and	counted	in	a	neubauer	chamber	with	Trypan	
Blue	(Sigma-Aldrich,	USA).	Then,	cells	were	resuspended	in	medium	with	1%	FBS	in	a	cell	density	of	
1x106cells/ml	 (122).	 Cells	 were	 incubated	 overnight	 (12-16h)	 at	 37°C	 in	 CO2	 in	 an	 air	 incubator,	
containing	1ml	of	cell	suspension	for	each	condition,	in	a	24-well	plate.	Cells	were	mycoplasma	free.	
To	select	a	serum	batch,	after	the	overnight	incubation,	cells	were	stimulated	with	3µM	CpG-
ODN	2216	 	 (Tebu-bio,	France)	 (122)	at	different	 time-points	 (3h,	6h	and	9h)	 (73)	comparing	 to	a	
control	condition	with	no	stimulation	(0h)	and	cultured	at	37°C	in	CO2	in	an	air	incubator.	After	each	
time-point,	 the	 cell	 pellet	 was	 collected	 by	 centrifugation	 at	 1200rpm	 (~300g)	 for	 6minutes,	 to	
further	mRNA	evaluation.	
To	test	the	activation	of	CAL-1	cells	with	 immunocomplexes	of	DNA	with	LL37,	cells	were	


















test.	 Cell	 viability	 was	 measured	 for	 each	 time	 point	 by	 Propidium	 Iodide	 (Sigma-Aldrich,	 USA)	
staining,	 measured	 by	 Flow	 Cytometry	 in	 BD	 Accuri	 C6	 Cytometer.	 The	 remaining	 volume	 was	










including	 any	 precipitate,	 to	 an	 RNeasy	 Mini	 spin	 column	 placed	 in	 a	 2ml	 collection	 tube,	 and	
centrifuged	 for	 15seconds	 at	 10000g.	 The	 flow-through	was	 discarded	 and	DNase	 digestion	was	
proceeded.	Here,	350μl	Buffer	RW1	was	added	to	RNeasy	column	and	centrifuged	for	15seconds	at	
10000g.	The	flow-through	was	discard.	Then,	DNA	digestion	was	proceeded	using	the	RNase-Free	
DNase	 Set	 (Qiagen,	 Germany).	 Here,	 a	 DNase	 I	 incubation	mix	 containing	 10μl	 of	 DNase	 I	 stock	
solution	and	70μl	Buffer	RDD	was	first	prepared	for	each	sample	and	mixed	gently	by	inversion	of	
the	tube	and	centrifuged	briefly.	After	the	centrifugation,	80μl	of	the	mix	was	directly	put	on	RNeasy	
column	membrane	 and	 left	 placed	 on	 benchtop	 (20–30°C)	 for	 15minutes.	 To	 conclude	 the	DNA	
digestion	steps,	350μl	of	Buffer	RW1	was	added	to	RNeasy	column,	centrifuged	for	15seconds	at	
10000g	and	the	flow-through	was	discarded.	
Then,	 500μl	 of	 Buffer	 RPE	 was	 added	 to	 the	 RNeasy	 spin	 column	 and	 centrifuged	 for	
15seconds	at	10000g,	discarding	the	flow-through.	After	that,	500μl	of	Buffer	RPE	was	added	to	the	
RNeasy	spin	column	and	centrifuge	for	2minutes	at	10000g.	The	column	was	placed	into	a	new	2ml	















2ml	 collection	 tube	 and	 centrifuged	 for	 1minute	 at	 11000g,	 saving	 the	 flow-through.	 The	 flow-
through	was	placed	into	a	new	1.5ml	microcentifuge	tube	and	350μl	of	70%	ethanol	was	added	and	
mixed	 immediately	by	pipetting	up	and	down	 (not	 centrifuging).	The	 lysate	was	 loaded	 in	n	new	
NZYSpin	Binding	column	and	centrifuged	at	11000g	for	30seconds.	The	flow-through	was	discarded	








600μl	 of	 Buffer	 NWR2	 was	 added	 and	 centrifuged	 at	 11000g	 for	 1minute,	 discarding	 the	 flow-
through	and	placed	 the	column	back	 in	 the	collection	 tube.	This	 step	was	 repeated,	washing	 the	
membrane	with	250μl	of	Buffer	NWR2	again	and	centrifuged	at	11000g	twice	for	1minute	to	dry	the	
column	membrane.	The	flow-through	was	discarded,	the	column	was	placed	in	a	clean	1,5ml	RNase-
























































reverse	 primer	 and	 6.8μl	 H2O,	 were	 added.	 	 Once	 the	 plate	 preparation	was	 completed,	 it	 was	
centrifuged	for	3minutes	at	1000g.	Finally,	the	qPCR	was	proceeded	using	the	standard	run	(holding	
stage:	 95℃	 5minutes;	 cycling	 stage	 40x:	 95℃	 15seconds	 +	 60℃	 60seconds;	 melt	 curve:	 95°C	







or	 Human	 IL-1β	Mini	 TMB	 ELISA	 Development	 Kits,	 respectively	 (Peprotech,	 UK).	 First,	 100µl	 of	
monoclonal	mouse	anti-hTNF-α	or	anti-hIL-1β	capture	antibody	(1x	in	PBS)	was	added	immediately	
to	each	ELISA	plate	well	and	 incubated	overnight	at	 room	temperature.	Wells	were	washed	 four	
times	using	300µl	of	wash	buffer	(0.05%	Tween-20	in	PBS)	per	well.	In	the	last	wash,	the	plate	was	
inverted	to	remove	the	residual	buffer	and	blot	on	paper	towel.	Then,	300µl	of	block	buffer	(1%	BSA	









anti-hTNF-α	 or	 goat	 anti-human	 IL-1β	 (0.15µg/ml	 or	 0.25µg/ml,	 respectively)	 were	 added	 and	
incubated	at	room	temperature	for	2hours.	The	wells	were	washed	again	four	times	and	100µl	of	























incubated	 at	 room	 temperature	 for	 2hours,	 on	 a	 microplate	 shaker	 set	 at	 400rpm.	 Then,	 the	
microwells	 were	 washed	 three	 times	 and	 100µl	 of	 Substrate	 Solution	 (1:2	 H2O2	 in	
Tetramethylbenzidine)	was	added	and	incubated	at	room	temperature	for	about	10minutes,	to	allow	
color	development.		








The	 evaluation	 of	 the	 immunocomplex	 entrance	 within	 endosomes	 (rabbit	 monoclonal	
antibody	 anti-EEA1	 clone	 F.43.1,	 ThermoFisher	 Scientific,	 USA)	 and	 TLR-9	 recruitment	 (mouse	
monoclonal	 antibody	 anti-TLR-9	 clone	 26C593,	 Santacruz	 Biotech,	 USA)	 was	 performed	 by	
immunofluorescence.	Here,	 to	 identify	 the	 complexes,	 the	antibody	mouse	monoclonal	 antibody	
anti-LL37	conjugated	Alexa	Fluor	488	clone	D-5	(Santacruz	Biotech,	USA)	was	used.	To	perform	the	







water,	 then	 with	 ethanol	 70%	 and	 again	 distillated	 water.	 Then,	 the	 coverslips	 were	 left	 drying	
individually	in	a	paper	towel.	













Mouse	anti-TRL9	 1:50	 1:100	 1:200	 1:500	
Mouse	anti-LL37-AF488	 1:100	 1:250	 1:500	 1:1000	
	
To	 incubate	 the	 primary	 antibodies,	 a	mix	was	 prepared	 by	 diluting	 the	 antibodies	with	
staining	buffer,	in	a	final	volume	of	50µl/sample,	which	was	added	to	each	coverslip.	The	coverslips	






To	 incubate	 the	secondary	antibody,	a	mix	was	prepared	by	diluting	 the	antibodies	with	 staining	
buffer,	 in	a	 final	 concentration	of	1:500	 in	50µl/sample,	which	was	added	 to	each	coverslip.	The	





















Table	 3-	 Antibody	 concentration	 for	 evaluation	 of	 TLR-9	 and	 EEA1	 recruitment	 of	 immunocomplexes	 with	 endosomal	
internalization.	
Antibody	 Concentration	 Conjugate	 Concentration	
Mouse	anti-TRL9	 1:200	 Goat	anti-mouse	Alexa	Fluor	568	 1:500	
Rabbit	anti-EEA1	 1:200	 Goat	anti-rabbit	Alexa	Fluor	647	 1:500	






All	 data	 regarding	 RT-qPCR	 and	 ELISA	 assays	 were	 statistically	 evaluated	 through	 the	
GraphPad	Prim®	software	v.7.00	(La	Jolla,	CA,	USA).	Each	experiment	was	repeated	five	times.	For	
























































Sigma	 9.00x104	 3.48x105	 1.57x106	 2.40x106	 4.40x106	
PAN	Biotech	 9.00x104	 3.10x105	 1.74x106	 2.00x106	 2.64x106	
BioWest	 9.00x104	 6.30x105	 1.89x106	 2.08x106	 4.16x106	
HyClone	 9.00x104	 4.30x105	 1.35x106	 2.52x106	 4.50x106	
Gibco	 9.00x104	 4.50x105	 1.46x106	 3.04x106	 4.60x106	
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were	 some	 small	 differences.	 After	 24h	 and	 48h	 of	 culture,	 the	 BioWest	 FBS	 was	 the	 one	 that	
promoted	highest	cell	growth	but	the	same	pattern	was	not	seen	after	72h	and	96h	in	culture.	After	




























	 0h	 24h	 48h	 72h	 96h	
Sigma	 100%	 99.9%	 99.8%	 98.1%	 98.9%	
PANBiotech	 100%	 100%	 99.8%	 98.3%	 99.5%	
BioWest	 100%	 100%	 99.8%	 97.9%	 97.9%	
HyClone	 100%	 99.9%	 99.8%	 98.2%	 99.2%	
Gibco	 100%	 99.9%	 99.8%	 99.7%	 99.6%	












































Sigm a (f r o m  M arseil le )











































































































































	 After	 6h	 of	 incubation,	 the	 control	 condition	 (CAL-1	 cells	 alone	 –	 Figure	 5-A)	 shows	 a	
percentage	of	 viable	 cells	 close	 to	90%,	 indicating	 some	cellular	death,	 as	expected.	This	 cellular	
death	increased	when	CAL-1	cells	were	stimulated	with	the	IC	containing	20µg/ml	of	LL37	and	even	
more	so	for	50µg/ml.	However,	lower	concentrations	of	LL37	in	the	complexes	allowed	for	a	higher	
percentage	of	viable	cells,	with	similar	 levels	to	the	control	conditions.	This	 	 is	 in	agreement	with	
previous	results	where	higher	concentrations	of	LL37	peptide	decreased		the	percentage	of	viable	






(Table	 6	 and	 Figure	 8).	 Cytokine	 expression	 was	 also	 evaluated	 for	 the	 conditions	 with	 24h	 of	
incubation.	 Nevertheless,	 no	 expression	 was	 detected,	 since	 cytokine	 mRNA	 is	 generally	 not	
detected	after	24h,	as	can	be	seen	on	earlier	results,	which	showed	a	reduction	after	9h	stimulation.	





































































1st	test	 -	 1	 	 2.203	 0.798	 2.605	 3.577	 1.207	
2nd	test	 1	 2.269	 	 20.225	 0.069	 4.834	 2.569	 2.527	
3rd	test	 1	 0.303	 	 0.208	 0.298	 0.265	 0.476	 1.2	
4th	test	 1	 0.137	 	 0.149	 0.074	 544.284	 0.512	 283.432	
5th	test	 1	 0.310	 	 6.185	 0.459	 0.51	 0.437	 1.939	
IFN-β	
1st	test	 -	 1	 	 2.203	 0.849	 2.335	 3.053	 0.826	
2nd	test	 1	 1.666	 	 11.316	 0.055	 3.844	 1.629	 1.648	
3rd	test	 1	 0.287	 	 0.180	 0.371	 0.389	 0.391	 1.430	
4th	test	 1	 0.809	 	 0.048	 1.179	 8932.565	 1.299	 52.101	
5th	test	 1	 1.278	 	 1.442	 0.352	 0.362	 0.531	 2.351	
TNF-α	
1st	test	 -	 1	 	 0.869	 1.372	 1.015	 1.414	 1.731	
2nd	test	 1	 0.953	 	 0.808	 1.04	 0.665	 0.642	 0.711	
3rd	test	 1	 0.296	 	 0.23	 0.32	 0.245	 0.161	 1.116	
4th	test	 1	 0.619	 	 0.437	 0.937	 131.077	 0.069	 342.528	




At	 the	 fourth	 test,	 values	were	extremely	high	 for	all	 cytokines	 (in	 red)	 for	 the	condition	
containing	10µg/ml	of	 LL37	 (Table	6),	 suggesting	 that	 some	contamination	might	have	occurred,	










with	20µg/ml	of	LL37	decrease	the	expression	of	 IFN-α,	 IFN-β,	being	even	 lower	 than	CAL-1	cells	
alone,	and	increase	slightly	the	expression	of	TNF-α,	reversing	the	effect	of	the	other	concentrations.	
CAL-1	cells	stimulated	only	with	self-DNA	seem	to	have	basal	expression	of	all	cytokines,	similarto	

































































































































































































































































































































































































































































1st	test	 1	 0.8	 0	 59.743	 3.544	 0.095	 1.225	
2nd	test	 1	 9.049	 2.342	 10.31	 5.679	 7.992	 11.846	
3rd	test	 1	 2.989	 5.162	 0.531	 1.486	 2.457	 0.074	
4th	test	 1	 2.027	 0.719	 1653.929	 0.109	 0.045	 0.017	







1st	test	 1	 2.185	 0	 490.053	 1.368	 0.531	 1.368	
2nd	test	 1	 9.184	 3.784	 29.281	 6.177	 14.99	 9.469	
3rd	test	 1	 0.898	 23.83	 0.34	 0.278	 0.793	 0.046	
4th	test	 1	 0.255	 3.39	 974.032	 0.015	 0.001	 0.006	
5th	test	 1	 0.87	 0.607	 1.246	 0.851	 0.585	 1.737	
TNF-α	
1st	test	 1	 1.142	 0.774	 2.016	 0.886	 0.872	 0.96	
2nd	test	 1	 1.595	 3.714	 2.965	 2.147	 2.085	 1.988	
3rd	test	 1	 1.274	 1.474	 1.002	 0.971	 1.424	 0.559	
4th	test	 1	 3.55	 0.123	 6505.287	 0.036	 0.007	 0.123	























































































































































































































1st	test	 1	 3.286	 0	 59.743	 7332.045	
2nd	test	 1	 9.207	 0	 10.31	 7.698	
IFN-β	
1st	test	 1	 4.25	 0	 490.053	 795774.421	
2nd	test	 1	 9.388	 0	 29.281	 6.065	
TNF-α	
1st	test	 1	 0.904	 0.774	 2.016	 2123.164	







higher	 for	 type	 I	 than	 for	TNF-α.	This	 is	 similar	 to	earlier	 results	 for	 LL37	and	nDNA	optimization	
assays	and	to	the	work	of	Lande	et	al.,	2007,	suggesting	that	pDCs	express	higher	levels	of	IFN-α	and	
IFN-β	 mRNA	 than	 TNF-α.	 	 Comparing	 with	 earlier	 results,	 CAL-1	 cells	 stimulation	 with	 immune	
complexes	with	LL37-mtDNA	promoted	higher	expression	of	cytokines	than	stimulation	with	LL37-
nDNA	immune	complexes.	This	is	in	agreement	with	the	work	published	by	as	Zhang	et	al.	2015	on	
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able	 to	 induce	 the	 inflammasome	 formation.	 This	 is	 not	 shocking	 since	 AIM2	 inflammasome	
activation	is	 induced	by	detection	of	cytosolic	dsDNA	and	mtDNA,	although	being	dsDNA,	it	has	a	
circular	form,	and	may	not	be	recognized	by	AIM2.	However,	no	studies	in	this	subject	are	known.	















































































































































whether	CAL-1	 cells	 activation	may	affect	 expression	of	 TLR-9	and	 induction	of	 early	 endosomes	
(EEA1)	 (Figure	 12).	 	 LL37	 peptide	 was	 stained	 with	 Mouse	 anti-LL37-Alexa-Fluor-488,	 the	 early	
endosomes,	 stained	 with	 Rabbit	 anti-EEA1	 with	 the	 secondary	 Alexa-Fluor-647	 and	 the	 TLR-9	
receptor	 stained	 with	 Mouse	 anti-TLR-9	 with	 the	 secondary	 Alexa-Fluor-568.	 One	 assay	 was	
performed	for	each	time-point.	
	
















































We	next	proceeded	 to	perform	a	 co-localization	analysis	of	 ICs	with	either	TLR9	or	EEA1	
(early	endosome	marker),	at	different	time-points	(15,	30,	60	and	120minutes).	Data	were	compared	
to	the	same	conditions	with	0h	of	incubation	(Figure	13).	





































































the	 same	 condition.	 For	 LL37	 and	 TLR-9,	 the	 best	 correlation	 is	 clear	 between	 30-60minutes	 of	
incubation	with	the	complexes.	However,	the	cell	population	is	more	homogeneous	after	60minutes	
of	incubation,	being	similar	to	the	results	on	Figure	13.	
LL3 7  vs TLR9




















LL3 7  vs EEA1


























suggesting	 that	 early	 endosomal	 recruitment	 begins	 after	 15minutes	 of	 incubation	 with	 ICs.	
However,	 for	 15minutes,	 the	 cell	 population	 is	 extremely	 heterogeneous,	 being	more	 consistent	
between	 30-60minutes	 of	 incubation.	 Also,	 TLR-9	 need	 to	 be	 translocated	 to	 the	 endosomal	





adding	 the	 complexes,	 these	 have	 been	 processed	 and	 no	 longer	 remain	 associated	 with	 early	
endosomes	nor	TLR-9.	Combes	et	al.,	2017	showed	that	CAL-1	cells	and	pDCs	promote	TLR-9	and	
early	endosomal	recruitment	upon	1h	of	stimulation,	although	the	marker	for	endosomes	was	BAD-






































nDNA,	 as	 well	 as	 with	 self-mtDNA,	 forming	 immune	 complexes	 that	 activate	 innate	 immune	
responses,	 thus	 breaking	 innate	 tolerance	 to	 self-DNA.	 This	 activation	 with	 immune	 complexes	
triggered	the	transcription	of	IFN-α	and	IFN-β	mRNA,	but	not	TNF-α	in	CAL-1	cells,	as	reported	for	
primary	 pDCs.	 Preliminary	 data	 also	 indicates	 that	 activated	 CAL-1	 cells	 can	 secrete	 IL-1β	 upon	
stimulation	with	immune	complexes	with	self-nDNA,	but	not	self-mtDNA,	suggesting	a	role	of	nDNA-
LL37	complexes	in	induction	of	the	inflammasome	in	pDC.	Our	findings	revealed	that	these	immune	
complexes	 may	 induce	 activation	 of	 these	 cells	 through	 TLR-9	 signaling	 and	 early	 endosomes	
recruitment.		
Based	on	our	work,	future	studies	may	be	performed	to	show	more	insights	about	immune	
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